aBstraCt: Tasco (Ascophyllum nodosum; TA) was compared to canola (CO), flax (FO), and safflower oils (SO) for effects on performance, carcass characteristics, and fatty acid profiles of adipose tissue in skirt muscle (SM), subcutaneous and perirenal adipose tissues, and wool production and quality characteristics of Canadian Arcott lambs. Fifty-six lambs were randomly assigned to dietary treatments (n = 14 per treatment). Diets consisted of a pelleted, barley-based finishing diet containing either TA, CO, FO, or SO (2% of dietary DM). Feed deliveries and orts were recorded daily. Lambs were weighed weekly and slaughtered once they reached ≥ 45 kg BW. Carcass characteristics, rumen pH, and liver weights were determined at slaughter. Wool yield was determined on mid-side patches of 100 cm 2 shorn at d 0 and on the day before slaughter (d 105 or 140). Dyebands were used to determine wool growth, micrometer and staple length. Adipose tissues and SM samples were taken at slaughter and analyzed for FA profiles. No effects were observed on intake, growth, or carcass characteristics. A greater (P = 0.02) staple strength of lambs fed CO was the only effect observed in wool. Flax oil increased total n-3 and decreased the n-6/n-3 ratio in tissue FA profiles (P < 0.001) in comparison to other diets. Tasco increased (P ≤ 0.001) SFA/PUFA in all tissues, whereas concentrations of CLA c-9, t-11 were greatest with SO in all tissues (P ≤ 0.02), compared to other diets. These results suggest Tasco supplementation did not improve the n-3/n-6 or SFA/PUFA ratios of lamb adipose tissues compared to other dietary lipid additives.
introduCtion
Tasco, a commercial algal product manufactured from Ascophyllum nodosum, has been shown to improve growth performance and carcass characteristics of cattle (Braden et al., 2007) , enhance immune function (Saker et al., 2001) , and reduce oxidative stress (Fike et al., 2001) . However, there is a scarcity of information regarding its effects on production performance, carcass composition, and fatty acid (Fa) profiles of lambs. Previous studies have investigated the use of other algae species to improve long-chain n-3 FA content of lamb meat (Meale et al., 2014; Ponnampalam et al., 2014) and adipose tissue (Meale et al., 2014) suggesting microalgae undergoes minimal biohydrogenation compared to oil and oilseed supplements (Meale et al., 2014) . Although a greater n-3 concentration of lamb tissue would not be expected with Tasco due to its low fat and n-3 contents, previous work showed this algae is high in phlorotannins, which exhibit antimicrobial activity against a number of bacterial species ). Inclusion of phlorotannins from A. nodosum reduced the population of Ruminococcus albus ), a primary bacterial species involved in the biohydrogenation of 18:2n-2 (Harfoot and Hazlewood, 1997) . Additionally, condensed tannins have been shown to reduce ruminal biohydrogenation of 18:1 t-11 to 18:0 in concentrate diets (Vasta et al., 2009 ). Thus, it is possible that phlorotannins in A. nodosum could contribute to a favorable increase in 18:1 t-11 and, thus, rumenic acid in the FA profile of lamb. Thus, our hypothesis was that dietary Tasco would improve the FA profile of lambs. As such, the objectives of this study were to examine the effects of replacing common lipid additives in lamb finishing diets (CO, FO, and SO) with Tasco on growth performance, FA profiles of adipose tissue in skirt muscle, and subcutaneous and visceral adipose tissues and wool yield and quality characteristics of Canadian Arcott lambs.
materiaLs and metHods
All lambs were cared for in accordance with the guidelines of the Canadian Council on Animal Care (CCAC, 1993) , protocol #1233 approved by the Lethbridge Research Centre Animal Care Committee.
Animals, Feeding, and Sampling
Fifty-six Canadian Arcott ewe and ram lambs were weighed (BW; 23.3 ± 1.26 kg) and randomly assigned to 1 of the 4 diets (n = 14/diet). Lambs were housed in individual pens (0.97 × 2.82 m) within a closed barn. Complete pelleted barley-based finishing diets were supplemented with 1) 2% canola oil (Co), 2) 2% flax oil (Fo), 3) 2% high-linoleic safflower oil (so), or 4) 2% Tasco (ta; DM basis; Table 1 ). Canola oil was purchased from ADM Alliance Nutrition Inc. (Quincy, IL). Highlinoleic acid (> 70%) SO was purchased from Jedwards International Inc. (Quincy, MA). Tasco algal meal (TA; crude protein 7.2% DM; crude fat 6.0% DM) was produced from the brown algae A. nodosum by Acadian Seaplants Ltd. (Dartmouth, NS, Canada) . Treatments were formulated to be isofibrous according to the Small Ruminant Nutrition System (Cannas et al., 2004) . Lambs were given a 14 d adjustment period to both the inclusion of oil in the diet and the consumption of complete pelleted diets. Experimental diets were offered at ad libitum at 0900 h each day for the duration of the trial, from midDecember to April, with water freely available.
Feed Intake and Gain
Feed deliveries were recorded daily, with orts collected daily and weighed weekly for determination of weekly DMI. Dry matter content of feed was determined weekly by oven-drying feed samples at 55°C for 48 h. Individual BW was recorded weekly to determine ADG; G:F was calculated as the ratio between ADG and DMI.
Slaughter and Tissue Sample Collection
Lambs were slaughtered at a live weight of ≥ 45 kg, in 2 lots (d 84 and 119) at a commercial abattoir (SunGold Meats Ltd., Innisfail, AB, Canada). Equal numbers of lambs from each treatment were included in each of the 2 lots. Within 5 min of exsanguination, whole, untrimmed subcutaneous (tail fat; sat) and perirenal (Pat) adipose tissue and skirt muscle (sm; ~ 10 g each) were collected from each lamb. Skirt muscle was core sampled through the external fat layer. Samples were snap-frozen in liquid nitrogen and stored at −80°C until analyzed for FA. Immediately following slaughter, pH of rumen contents (at 4 different locations within the rumen) was also recorded using a pH meter (Orion Model 260A; Fisher Scientific, Toronto, ON, Canada) calibrated at 39°C. Hot carcass weights (HCW) were recorded and grade rule (body wall thickness, mm) was determined from the total tissue depth of the carcass between the 12th and 13th rib, 11 cm from the carcass midline. Muscle scores, an assessment of the muscularity of the lamb carcass, were estimated at the shoulder, loin, and hind leg. Muscle scores ranged from 1 (extremely poor) to 5 (extremely good); individual muscle scores 2 Mineral premix = salt (92.7%), Dynamate (5.0%), zinc sulfate (0.9%), manganese sulfate (0.8%), canola oil (0.4%), and selenium premix (0.1%). Percentages are given on a DM basis.
3 Containing vitamin A (10 000 000 IU/kg); vitamin D (1 000 000 IU/ kg); and vitamin E (10 000 IU/kg).
greater than or equal to 2.0 and total average muscle scores greater than or equal to 2.6 qualified the carcass as AAA quality according to the Canadian Lamb and Mutton Carcass Grading Regulations (Agriculture and Marketing Act R.S.N.S. c. 6, s. 166, 1989) . The classification of AAA indicates excellent muscling, fine textured flesh with a pink to light red color, and firm, white external and internal fat. Carcass value ($/kg) was calculated as the base value of lamb at the time of slaughter (as determined by the market; $2.32/kg BW) multiplied by the HCW of the lamb, with the total divided by an index value. Index values for each lamb were determined by a trained individual at the abattoir as a reflection of the muscle scores and body wall thickness, where higher body wall thickness and muscle scores resulted in a higher index value and, thus, a higher carcass value. The carcass value was then divided by the HCW to give a value per kilogram of carcass.
Fatty Acid Analysis
Lipid Extraction. Lipids were extracted from adipose tissue and muscle samples after tissues were freeze dried, followed by homogenization (PRO 250; PRO Scientific Inc., Oxford, CT). A subsample of each tissue (2 g) was transferred to a folded filter paper (125 mm, Whatman, No. 1). For the SM, external fat was removed from the tissue before homogenization. Fatty acids were extracted with diethyl ether (SigmaAldrich CHROMASOLV, St. Louis, MO) using a Goldfisch Apparatus (Laboratory Construction Co., Kansas City, MO) as described by Mir et al. (2003) with the exception that all fat was extracted after 4 to 5 h. Residual extracted lipids were rinsed with ether and stored at -20°C for methylation and determination of FA. Diet samples were ground to pass a 1-mm screen (Micro Hammer Cutter Mills; Glen Creston Limited, London, UK) and weighed (2 g) into filter paper bags, extraction was conducted with diethyl ether for a minimum of 4 h as for tissue samples.
Methylation and Determination of Fatty Acids. A combined base and acid methylation method (Kramer et al., 1997) with modifications as described by He et al. (2009) was used for FA analysis. Nonadecanoic acid (19:0) methyl ester (100 μL, 5.96 mg/mL hexane; NuChek Prep, Inc., Elysian, MN) was used as an internal standard with 2 mL of sodium methoxide (0.5 mmol/L in methanol) added to each tube. Tubes were flushed with nitrogen and mixed using a vortex and placed in a water bath at 50°C. After 10 min, 1 mL of boron triofluoride (14% in methanol) was added, and the tubes were reheated at 50°C for an additional 10 min. After cooling, 5 mL of water and 2 mL hexane were added to each tube, and the mixture was vortexed. Samples were allowed to stand for 10 min with the upper layer (hexane) transferred to a GC vial flushed with nitrogen for FA determination. Fatty acid methyl esters (Fame) were quantified using a gas chromatograph (Hewlett-Packard GC System 6890; Hewlett-Packard, Mississauga, ON, Canada) equipped with a flame ionization detector and SP-2560 fused silica capillary column (75 m × 0.18 mm × 0.14 mm; Supelco Inc., Oakville, Ontario, Canada) as described previously (Chisaguano et al., 2013; He et al., 2012) . To obtain FA profiles, hexane extracts (1 μL) were injected using a 20:1 split. The initial oven temperature (55°C) was held for 5 min, increased by 15°C/min to 155°C, held for 56 min, and increased at 10°C/min to 240°C, at which point it was allowed to stand for an additional 15 min. Hydrogen was used as the carrier gas (head pressure 16.3 psi and flow rate of 0.3 mL/min) and helium as the make-up gas (10 mL/min). Peaks of 18:0, 18:1 t- 10 and 11, 20:5, 22 :5, and 22:6 in chromatograms were identified and quantified using pure methyl ester standards (Sigma-Aldrich Inc.) along with comparison with relative retention times of previous reports (Cruz-Hernandez et al., 2004; He et al., 2012; Ratnayake, 2004) . Fatty acids are presented as a percentage of total FA.
Wool Samples and Measurements
A mid-side patch of approximately 100 cm 2 was shorn on the left side of each sheep with clippers (Oster clippers, No. 40 cutting head; Oster, Hattersheim am Main, Germany) at the beginning of the treatment period (d 0). At the same time, a 5-cm dye band, using Schwarzkopf (NF1 Black; Igora-Royal, Frenchs Forest, NSW, Australia) hair dye, was applied to the right midside of each lamb. Schwarzkopf hair dye cream was mixed with the activator (Oxigenta 6%) immediately before application and was applied in a thin line at skin level using the applicator provided. At the completion of the experiment (d 84 and d 119), both the mid-side patch and the fleece containing the dye bands were clipped at skin level and stored in plastic bags.
Wool samples from the mid-side patch were weighed to determine total wool weight (greasy wool weight) and were placed into nylon filter bags. Samples were then washed in a washing machine using hot water (90°C) and detergent (BD30; Huntington Professional Products, St. Paul, MN) and were rinsed twice in cold water to remove any impurities and wool grease before drying in an oven for 4 h at 110°C. The samples were then reweighed at 65% relative humidity to determine clean wool weight. Wool yield was then calculated by determining the percentage of clean wool weight relative to greasy fleece weight.
Wool samples were sent to Riverina Wool Testers Pty Ltd (Wagga Wagga, NSW, Australia) for analysis. Wool fiber diameter (Fd; mm), the standard deviation (sd), coefficient of variation (CV), number of fibers > 30 mm, comfort factor (percentage of fibers below 30.5 mm), spinning fineness, and curvature (deg/mm) wool were determined as described by Charles et al. (2012) .
Chemical Analysis of Feed
Chemical analyses of feed samples are presented in Table 1 . Dry matter content of feed samples collected on d 7 and 112 was determined by oven-drying at 55°C for 48 h. Dried samples were ground through a 1-mm screen and analyzed for NDF and ADF as described by Van Soest et al. (1991) , modified for an Ankom 200/220 Fiber Analyzer (Ankom Technol. Corp., Fairport, NY). Both heat-stable α-amylase and sodium sulfide were included in the NDF analyses and expressed inclusive of residual ash. Ash content was determined after 2 h of oxidation at 600°C in a muffle furnace (method 942.05; AOAC, 1990). To determine CP (%N × 6.25), feed samples were ground to a fine powder using a ball grinder (Mixer Mill MM200; Retsch Inc., Newtown, PA). Nitrogen was quantified by flash combustion with gas chromatography and thermal conductivity detection (Nitrogen Analyzer 1500 series; Carlo Erba Instruments, Milan, Italy). Ether extract (ee) was determined by extraction with diethyl ether as described for lipid extraction. Nonfibrous carbohydrate (nFC) was calculated as NFC = 100 − [CP + NDF + EE + ASH] (Mertens, 2002) .
Feed DM was determined by drying ground samples at 100°C for 2 h (method 930.05; AOAC, 1990) .
statistiCaL anaLysis
Differences in diet chemical compositions and FA profiles were not statistically analyzed. Dry matter intake, ADG, and feed efficiency were analyzed as a completely randomized design using the Proc MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Means were compared using the LSMEANS/DIFF with treatment as fixed effects and lambs within treatment as a random effect. Lamb was the experimental unit. Week was included as a repeated measure. Repeated measures were analyzed using the covariance structure with the minimum values of Akaike's Information Criterion (aiC). Consequently, the covariance structure used was compound symmetry. Wool, carcass characteristics, and FA data were analyzed using a similar model, but excluding week as a repeated measure. Initial sheep weight was used as a covariate. Unless otherwise specified, treatment effects were declared significant when P < 0.05.
resuLts

Dietary Chemical Composition and Fatty Acid Profiles
Chemical composition of the 4 diets was similar (Table 1) to dietary FA profiles presented in Table 2 . Flax oil had the greatest, whereas TA had the lowest, level of 18:3n-3 as compared to other diets. The SO diet had the greatest 18:2n-6 content of all diets. Concentrations of PUFA (g/100 g total FAME) were higher in FO compared to all other diets. The n-3 FA content of the diet was greatest in FO followed by SO (Table 2 ). Phlorotannin content of the Tasco additive was previously determined to be 220 mg/g DM. Thus, in the current diet, where Tasco was fed at 2% DM, the total concentration of phlorotannins was calculated to be 4.4 g/kg DM.
Intake and Animal Production Performance
Initial live weight was similar across all treatments (23.3 ± 1.26 kg BW; P > 0.05: Table 3) , and there were no effects of dietary lipid additives on DMI (g/d), ADG (g), or G:F (P ≥ 0.11). Final BW did not differ (P = 0.91); this may have been a result of lambs being selectively slaughtered at a BW of ≥ 45 kg to obtain a carcass weight of 20 to 25 kg. No effects of diet were observed on carcass characteristics, rumen pH, or liver weight (P ≥ 0.35; Table 3 ).
Fatty Acid Profile of Adipose Tissue in Skirt Muscle
Concentration of 18:1 t-10, as a percentage of total FA in skirt muscle adipose tissue, was less in lambs fed TA than in those fed all other diets (P < 0.001; Table 4 ). Percentages of 18:1 c-11 were lower in SO and TA fed lambs compared to those fed CO (P = 0.048). Lambs fed FO had the greatest concentration of 18:2 t-11, c-15 in skirt muscle adipose tissue, whereas TA-fed lambs had the lowest (P < 0.001). Percentages of 18:3n-3 were greatest (P < 0.001) in lambs fed FO in comparison to all other diets, whereas percentages of 18:2n-6 were greatest (P < 0.001) in SO-fed lambs compared to all other treatments. Concentration of docosapentaenoic acid (dPa), as a percentage of total FA was greatest in adipose tissue of skirt muscle of lambs fed FO and TA compared to SO-fed lambs, which had the least (P = 0.03). However, percentages of docosahexaenoic acid (DHA) were higher (P = 0.03) in SO-fed lambs, compared to lambs fed FO. Total n-3 was greatest in adipose tissue of skirt muscle from lambs fed FO compared to all other diets and was lowest in SO-fed lambs (P < 0.001). Correspondingly, the n-6/n-3 ratio in skirt muscle adipose tissue was ranked by diet as SO > CO = TA > FO (P > 0.001). Concentration of 18:2 c-9, t-11, as a percentage of total FA, was higher (P = 0.02) in lambs fed SO than TA and CO, which were similar (P > 0.05). Conversely, percentages of CLA t-10, c-12 were higher (P = 0.001) in skirt muscle adipose tissue of lambs fed CO as compared to other diets. The SFA/PUFA ratio was increased (P = 0.002) in the adipose tissue of skirt muscle of lambs fed TA as compared to those fed the other diets.
Fatty Acid Profiles of Subcutaneous and Perirenal Adipose Tissues
Concentration of 18:1 t-10, as a percentage of total FA, was the lowest in lambs supplemented with TA than all other diets in both adipose tissues (P = 0.001; Table  5 ). In perirenal adipose tissue, concentration of 18:1 t-11 as a percentage of total FA was ranked by diet as SO = FO > CO = TA (P = 0.002), whereas in subcutaneous adipose tissue, lambs fed FO and SO had greater (P = 0.01) percentages of 18:1 t-11 than CO-fed lambs. Percentages of 18:1 c-15 and 18:2 t-11, c-15 were higher in both adipose tissues of lambs supplemented with FO compared to all other diets (P < 0.001). Concentration of 18:3n-3 was ranked FO > CO = TA > SO in both adipose 2 Body wall thickness: measurement of carcass muscling, measured between 12th and 13th rib, 11 cm from the carcass midline.
3 Muscle score: values range from 0 to 5, with 5 being the highest quality; individual muscle scores ≥ 2.0 qualify the carcass as AAA quality by Canadian standards. 4 Carcass value ($/kg) was determined using muscle scores and body wall thickness, where higher body wall thickness and muscle scores result in a higher carcass value. tissues (P < 0.001). The concentration of 18:2 c-9, t-11 was greater in both adipose tissues in lambs fed SO (P ≤ 0.014) compared to both CO and TA. Percentages of CLA t-10, c-12 in subcutaneous adipose tissue were less (P = 0.003) in TA-fed lambs compared to CO-and SOfed lambs, which were similar (P > 0.05). However, in perirenal adipose tissue, lambs fed CO had higher (P < 0.001) concentrations of CLA t-10, c-12 as a percentage of total FA compared to all other diets. In perirenal adipose tissue, concentrations of eicosapentaenoic acid (ePa) and DHA were greatest (P ≤ 0.002; Table 5 ) in lambs supplemented with CO, whereas in subcutaneous adipose tissue, lambs fed FO had a greater (P = 0.03) concentration of EPA, while percentages of DHA were similar (P = 0.46) regardless of dietary treatment.
Concentration of n-3 FA was the greatest in adipose tissue of lambs fed FO (P < 0.001), but the lowest in adipose tissues of lambs fed SO compared to all diets (P < 0.001). Thus, the n-6/n-3 ratio in subcutaneous adipose tissues was ranked according to diet as SO > CO = TA > FO (P < 0.001), but in perirenal adipose tissue, it was ranked SO > TA > CO > FO (P < 0.001). Total SFA percentages were greater (P ≤ 0.01) for lambs fed TA compared to all other diets in both adipose tissues. Conversely, FO supplementation resulted in the greatest (P < 0.001) PUFA percentage in both adipose tissues, with the least being in lambs fed TA. Consequently, the lowest SFA/PUFA ratio in perirenal adipose tissue was in lambs fed FO, with TA-fed lambs being the greatest compared to all other diets (P < 0.001). In subcutaneous adipose tissue, TA-fed lambs had the greatest (P < 0.001) SFA/PUFA ratio compared to all diets.
Wool Production and Quality
Neither wool production nor quality was affected by diet (P ≥ 0.27), except for wool strength, which was 34%, 37%, and 26% less in lambs fed FO, SO, and TA, compared to those fed CO, respectively (P = 0.02; Table 6 ).
disCussion
Production and Carcass Characteristics
In the current study, altering the FA composition of the diet did not affect growth, intake, or carcass characteristics of lambs. This is in agreement with previous studies that fed lambs increasing concentrations of FO up to 9% DM in a triticale, barley, and wheatbased diet (Bas et al., 2007) or top-dressed Tasco at up to 2% DM onto pelleted barley grain . McNiven et al. (2011) also observed no effects on ADG, DMI, G:F, dressing percentage, or carcass weight in crossbred steers fed extruded or roasted canola or flaxseeds at 2 kg/d. Similarly, the addition of up to 3% algal meal (DM basis; DHA-Gold) to a barley-based finishing diet did not alter growth rate or carcass characteristics of Canadian Arcott lambs (Meale et al., 2014) . The addition of high-linoleic or high-oleic safflower seeds also had no effect on ADG, feed efficiency, or carcass characteristics in lambs fed a diet containing beet pulp, oat hay, and soybean meal (Bolte et al., 2002) . The lack of effect of these diets on animal growth and carcass characteristics could possibly be attributed to the comparable nature of the diets in each study and the low levels of lipid inclusion at or below 6.5% DM.
Fatty Acid Composition of Adipose Tissue
Meat and milk from ruminants are considered to be some of the richest natural sources of rumenic acid (CLA c-9, t-11; Bessa et al., 2000; Lawson et al., 2001; Moloney et al., 2001 ), a compound well known for its anticarcinogenic and antiatherogenic properties (MacDonald, 2000) . Mir et al. (2000) reported the inclusion of 6% DM of high 18:2n-6 SO in a barley-based pelleted diet fed to Suffolk × Dorset lambs increased the concentration of 18:2 in the diaphragm and adipose tissue compared to those fed a control diet, resulting in a corresponding increase in the concentration of CLA 4 DHA, docosahexaenoic acid.
5 n-3 FA = 18:3 n-3 + EPA + DPA + DHA. in these tissues. The results of the current study suggest that despite numerical differences in the levels of dietary 18:2n-6, accumulation of 18:2 c-9, t-11 in both adipose tissues and skirt muscle of lambs supplemented with SO and FO was similar. This likely occurred as a result of comparable levels of desaturation of 18:1 t-11 to rumenic acid by Δ-9-desaturase in each tissue, as indicated by comparable levels of 18:1 t-11 in adipose tissue of skirt muscle and subcutaneous and visceral adipose tissues of lambs fed SO and FO diets.
Feeding diets high in barley, such as that used in the current study, have been shown to inhibit the reduction of trans monoenoic acids to 18:0 in the rumen (Kalscheur et al., 1997) , often resulting in a shift from the production of 18:1 t-11 to that of 18:1 t-10 increasing its deposition in tissues (Dugan et al., 2008) . This is considered a negative shift, as 18:1 t-10 has been associated with cardiovascular health risks in humans and animals (Hodgson et al., 1996; Bauchart et al., 2007; Roy et al., 2007) . Similarly, accumulation of CLA t-10, c-12 isomer, an intermediate in the production of 18:1 t-10 by ruminal bacteria (Kim et al., 2002 : Wallace et al., 2007 , is increased by dietary factors such as the proportion of concentrate (Griinari et al., 1998) , the addition of oil (Roy et al., 2006) , or both (Loor et al., 2004) . Increased concentrations of CLA t-10, c-12 are detrimental to human health, as it has been shown to increase the ratio of low-density lipoprotein to high-density lipoprotein cholesterol, as well as the amount of total cholesterol in healthy adult men (Pariza et al., 2001; Tricon et al., 2004 ). In the current study, CO-fed lambs exhibited the highest concentrations of CLA t-10, c-12 in both adipose tissues and skirt muscle adipose tissue, yet in subcutaneous adipose tissue, the concentration of CLA t-10, c-12 in SO-and FO-fed lambs was similar to CO-fed lambs and higher than TA. Despite this, levels of 18:1 t-10 were similar in CO-, FO-, and SO-fed lambs with those fed TA exhibiting a reduced concentration of 18:1 t-10 in comparison. Consequently, the supplementation of TA appeared to reduce the shift in biohydorgenation pathways from 18:1 t-11 toward 18:1 t-10 as evidenced by an 18:1 t-10: 18:1 t-11 ratio of 1.6 to 1.7 compared to 2.4 to 6.5 for all other diets. This contrasts with OrRashid et al. (2008) , who observed a liner increase in 18:1 t-10 in cattle rumen fluid following algal supplementation (4.2 kg/d Crypthecodimium cohnii), such that the ratio was 5.3 despite the silage-based diet. These results suggest that TA supplementation could potentially reduce the negative shift in trans monomers commonly seen in ruminants fed high-concentrate diets.
Inhibiting the reduction of 18:1 t-11 to 18:0 is another means of increasing 18:1 t-11 accumulation, and thus CLA c-9, t-11 levels (Toral et al., 2011) . This was achieved previously with the supplementation of marine lipids (e.g., fish oil and algae) considered to be a result of the high PUFA content inhibiting ruminal reduction of 18:1 t-11 (Palmquist et al., 2005; Toral et al., 2010) . Tannins have also been proposed as a means of altering ruminal biohydrogenation by inhibiting the reduction of 18:1 t-11 to 18:0 (Vasta et al., 2009) . Previous work in our laboratory showed that phlorotannins found only in A. nodosum have a very high biological activity compared to terrestrial tannins and exhibit antimicrobial activity against bacterial species involved in FA biohydrogenation (i.e., R. albus; ). However, no such effects were observed in the current study, where the accumulation of 18:1 t-11 in adipose tissue of TA lambs was similar to those fed CO, but less than that of lambs fed SO or FO. This may be a result of the low inclusion rate of Tasco, and thus low levels of tannins in the diet; in addition, dietary levels of PUFA appear to have been inadequate to interfere with microbial activity. Additionally, pelleting the current diets may have impacted the biological activity of the phlorotannins (Terrill et al., 2007) . Previous studies have reported conflicting results on the extent of ruminal biohydrogenation, with some studies suggesting that 18:2n-6 and 18:3n-3 from whole flaxseed or fish oil and EPA and DHA as free fatty acids undergo between 90% and 95% (Scollan et al., 2001 ) and 80% to 95% (AbuGhazaleh and Jenkins, 2004) biohydrogenation, respectively. In contrast, other studies have suggested limited biohydrogenation of these FA resulting in an increased production of biohydrogenation intermediates (18:2 c-9, t-11 and 18:1 t-11; Ashes et al., 1992; Chilliard et al., 2000) . It is possible that the form in which the lipid was administered (algae vs. oil) also played a role in its protection against biohydrogenation. Supplementing algae in ruminant diets has been suggested to undergo less biohydrogenation, specifically of long-chain PUFA, compared to oils (Meale et al., 2014) . Interestingly, the similar concentrations of 18:2n-6, 18:2 c-9, t-11, and 18:0 in both adipose tissues and skirt muscle in lambs fed TA and CO suggests that perhaps the C18 FA in these 2 supplements underwent a similar level of biohydrogenation, suggesting in the current study, that the extent of biohydrogenation was largely dependent on the basal diet to which these FA are included.
Large variations in DHA percentages and total n-3 content of tissues were not expected due to their low and consistent levels of dietary inclusion and the inefficient conversion of 18:3n-6 to DHA and EPA in ruminants (Givens and Gibbs, 2008) . Lambs supplemented with FO had the lowest n-6/n-3 content in adipose tissue of skirt muscle and subcutaneous and visceral adipose tissues, corroborating the findings of McNiven et al. (2011) , which reported that the inclusion of flaxseed (2.5 kg/d) in a barley grain and silage diet fed to crossbred steers reduced the n-6/n-3 ratio of Longissimus dorsi muscle, as compared to canola. Similarly, Cooper et al. (2004) supplemented Suffolk-crossbred wether lambs with an FO (4.3% DM), marine algae, and fish oil mixture (15.5 and 2.1% DM, respectively), fish oil (4.3% DM), or a protected lipid supplement (11.1% DM) and observed a greater percentage of 18:3n-3 in the phospholipid fraction of the longissimus muscle of FO-fed lambs. Kitessa et al. (2009) supplemented Merino lambs with protected FO (10% DM), and after 6 wk, observed a 46% increase in the n-3 PUFA in the intramuscular fat of the longissimus thoracis et lumborum muscle. Feeding Merino × Poll Dorset lambs a finisher ration supplemented with 3% DM linseed increased the amount of total n-3 PUFA per 100 g fresh meat, where EPA + DHA ranged from 21 to 27 mg per 100 g muscle compared to the control group with only 9.5 to 15 mg per 100 g muscle (Kitessa et al., 2010) . Thus, our results, in conjunction with those reported previously, indicate that supplementation of FO beneficially alters the n-3/n-6 ratio in lamb.
Lowering the ratio of SFA to PUFA in sheep meat is also associated with a reduced risk of coronary heart disease (Department of Health, 1994) . The greater SFA/ PUFA ratio in all tissues with the supplementation of TA in the current study is unfavorable. This observed increase resulted from the reduction in PUFA accumulation in adipose tissue of skirt muscle and subcutaneous and visceral adipose tissues compared to all other dietary treatments and an increase in SFA accumulation with TA supplementation in adipose tissues. In contrast, the CO, FO, and SO diets had similar SFA/PUFA ratios. Previous studies have reported reductions in the SFA/ PUFA ratio in the L. thoracis et lumborum of lambs fed FO (Elmore et al., 2005) , or no differences in total SFA, MUFA, or PUFA content of rib eye in steers fed whole canola or flax. Bolte et al. (2002) fed western whitefaced lambs safflower seeds (16.6% DM) high in either 18:1 c-9 or 18:2n-6 and observed similar SFA concentrations in the adipose tissue of lambs fed these two diets, but lower PUFA content in adipose tissue of lambs fed high-18:2n-6 safflower, which corresponds to the results of the current study.
Wool Production and Quality
Dietary treatments did not affect wool quality or yield in the current study, with the exception of wool strength (Table 6 ). This is in agreement with the results of our previous study (Meale et al., 2014) , in which wool yield and quality were not affected following the supplementation of increasing concentrations of marine algae. This was attributed to the uniform DMI across all treatments and the strong positive correlation between DMI and wool growth (Hynd and Masters, 2002; Rangel and Gardiner, 2009 ).
The lower staple strength of wool from lambs fed FO, SO, and TA, compared to the CO lambs, is not considered to impact its economic value as all wool samples were above 25 N/ktex, the limit below which wool is considered "tender" and more susceptible to breakage during processing (Reis, 1992) Dietary treatments of canola oil, flax oil, safflower oil, or Tasco at 2% DM had no effect on growth performance or carcass characteristics of Canadian Arcott lambs. Feeding Tasco increased the SFA/PUFA ratio in skirt muscle adipose tissue and subcutaneous and visceral adipose tissues in comparison to the supplementation of oils. Yet, it reduced the concentration of 18:1 t-10 in adipose tissue of skirt muscle and subcutaneous and visceral adipose tissues, indicating a beneficial reduction in the shift from 18:1 t-11 commonly seen with high grain diets. Tasco resulted in similar levels of longchain n-3 PUFA and total n-3 in the adipose tissue of skirt muscle or adipose tissue when compared to lambs fed canola, flax, or safflower oils. Conversely, feeding lambs FO increased total n-3 accumulation and reduced the n-6/n-3 ratio in adipose tissue of skirt muscle and subcutaneous and visceral adipose tissues. These results suggest that Tasco can be supplemented in the finishing diets of growing lambs at up to 2% DM without affecting growth performance or carcass characteristics and has the potential to reduce the shift from 18:1 t-11 to 18:1 t-10 concentration in lamb tissues.
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